Abstract. For the requirements of transmission and real-time visualization of large-scale threedimensional scenes in the Web environment, this paper adopts the three-dimensional model data structure 3DTiles which is suitable for data sharing and network switching, and analyzes the advantages of building three-dimensional scenes based on 3D Tiles. Meanwhile, through the skipping loading of the hierarchical detail model, the model loading time, network requests and memory consumption are reduced, while the scene data drawing efficiency is improved. Based on these theories and technologies, this paper designs and builds a three-dimensional digital earth platform based on WebGL. Experimental results show that this platform can smoothly implement the drawing of large-scale 3D scenes, and achieve the visualization effects and good visual experience.
Introduction
Along with the continuous development of network technologies, people will not be satisfied with the convenience brought by the three-dimensional GIS on local PCs, and more people demand that relevant functions can also be implemented on mobile devices. That is to say, a variety of threedimensional scenes can also be surfed on the browsers. Therefore, a new three-dimensional GIS research field-Three-dimensional WebGIS [1] [2] has been opened up, which makes use of the Web visualization technology to build a virtual three-dimensional environment that is dynamically interactive under the network environment to implement management and analysis for the massive and complex geographic data on the Internet and finally to form an open Web geographic information sharing platform. The development of three-dimensional WebGIS requires an efficient Web graphic visualization technology as the support, then a new generation of plug-in-free 3D drawing standard WebGL [3] has come into being with good rendering effect and compatibility, as well as other unmatched advantages compared to previous technologies, and also supported by a large number of browsers.
The development of three-dimensional WebGIS has gone deep into all areas of people's lives, while the visualization of large-scale three-dimensional scenes is the basis of realistic threedimensional WebGIS. However, the visualization of massive three-dimensional model data still has problems, mainly reflected in the term of efficiency. The reason is that the large-scale threedimensional scenes will significantly increase the model data loading times and drawing times, which greatly reduces the drawing efficiency of the model [4] . Therefore, how to define a more efficient data structure to implement the three-dimensional visualization and minimize the expenses of algorithm time and space to the utmost extent is a key point in the research of model simplification algorithm. This paper researches a new three-dimensional model data format3DTiles, which is a multi-resolution hierarchical model established by using the LOD technology. It can directly provide data with different resolutions without real-time re-sampling, and further reduce data accesses through the skipping loading of the hierarchical detail model at the same time, thereby reducing the time to complete scene drawing and improving the system performance.
This paper researches the architecture suitable for Web visualization of large-scale threedimensional scenes, the data format of three-dimensional model, as well as the algorithm for fast search of scene data. Besides, it also builds a three-dimensional visualization platform for largescale scenes based on the plug-in-free and cross-platform Web3D graphics library-WebGL. Experimental results show that this platform can meet the requirements for real-time threedimensional visualization of large-scale three-dimensional scenes.
Overall Architecture of Platform
For the problem of large-scale three-dimensional scene visualization, this paper designs a threedimensional visualization platform based on WebGL, and its overall architecture is shown in Figure  1 . This platform is mainly composed of client side and server side. Each of them has a clear responsibility, and they cooperate with each other to form an organism. The server side is used mainly to store the three-dimensional scene data facing Web [5] in the lightweight 3DTiles format, providing efficient data services for the client. The client side is mainly responsible for the scheduling and access of data, as well as the quick drawing of three-dimensional scenes. 
Web-oriented Three-dimensional Data Structure
When viewing a three-dimensional scene, the three-dimensional model data is one of the main contents of network transmission. The data structure of model can directly affect the data volume of the scene, the network transmission modes, as well as the organization scheduling strategy of data. Under normal circumstances, the well-chosen data structures can bring a higher operational or storage efficiency, so it is necessary to select a 3D model format with a small footprint, a short parsing time, and a good interface with the graphic interfaces. Firstly let's find out the runtime 3D resource format glTF [6] (gl Transmission Format) designed specifically for the GL interface. The structure is shown in Figure 2 , and it is mainly divided into the following four parts: (1) JSON files (.json), which mainly store the node relations, materials, cameras and other parameters of the model; (2) Binary files (.bin), which are used to store the graphics data of the model, such as vertex coordinates, texture coordinates, etc.; (3) Images files (png, jpg), which are mainly used to store the texture machartlets of the model; (4) Shader files (.glsl), which are applied to the WebGL rendering pipeline. This paper uses a new data format 3DTiles (.b3dm), which is the .b3dm data defined by adding 28 bytes of headers based on gltf by the Analytical Graphics team. That is to say, the json part adds Feature Table and Batch Table, as well as the LOD (tileset) concept, and provides the corresponding header. From the perspective of data specification, it inherits the excellent part of the glTF data, and takes into account the support for oblique, point cloud, and OSM data as well. Although glTF is suitable for Web visualization, 3DTiles takes full advantage of it by organizing it properly. Therefore, the construction of three-dimensional scenes by using 3DTiles has the following advantages: (1)Reasonable data compression, which uses binary files and JSON files with less space usage to store model data [7] ; (2)Web-oriented 3D model format. Because JavaScript natively supports the parsing of JSON files, so the required time is extremely short; (3)Full rendering optimization. The gltf model contains the GLSL shader that can be directly applied by the GL interface, and uses the binary files to store graphic data at the same time, which is convenient for rapidly creating a data buffer.
Blocking and LOD Processing of Scene Data
Due to the huge data volume in a large-scale three-dimensional scene, it is very difficult to quickly transmit all data to the client side [8] without processing. According to the principle of human visual system, the objects closer to human eyes have obvious details and high precision, while the objects far from human eyes have rough details and low precision, which requires the LOD (Level of Detail) processing to the scene. By simplifying the algorithm to reduce the complex [9] of the scene, the drawing efficiency of three-dimensional scene is improved.
The 3DTiles model used in this paper is organized by the tile data in the form of quad-tree. It is a hierarchical structure of multi-resolution, and the core is hierarchical block, as shown in Figure 3 . This paper is the original model as the root node, and then regularly divides the entire area to generate four child nodes, and each model is also divided into different child nodes according to its position. Finally the four child nodes are divided into 16 and so on. Finally, the quad-tree structure of this three-dimensional model is formed. The LOD algorithm mainly includes the contents of the following three aspects: ①Generate models of different hierarchies; ②Select an appropriate hierarchical model, while the factors of selection include the distance from the viewport to the ground, the viewport range, and the angle between the viewport range and the ground; ③Switch the hierarchical models, which means a smooth switch from the tiles of one hierarchy to another, with a better visual effect as well.
Screen-Space Error(SSE)
The ultimate goal of LOD algorithm is to select the most suitable hierarchical model. This paper uses the screen space error [10] as an indicator for measuring whether the hierarchical model selection is appropriate. The screen space error determines the update for thehierarchical detail model, which is whether it can successfully load the fine node tiles in the current view. The specific process is as follows: At first, calculate the SSE value of all nodes under the current view through geometric errors, and then compare it with the threshold value (the threshold value is set to 2 by the system). If this value is greater than the threshold, then it is necessary for this node tile to be displayed. The specific SSE calculation is shown in Figure 4 . As shown in Figure 4 , assuming that the distance from the viewport in the line of sight to the target is d, the width of the view-frustum is ω, the viewport angle is θ, the screen display width is x pixels, and the geometric error of the simplified model tile is ε, and the screen space error is ρ.
The expression can be obtained according to the relevant parameters of view-frustum:
Then the final expression of is obtained:
Data Fast Search Algorithm for Target Scenes
3DTiles is a multi-resolution model that reasonably organizes data in a quadtree structure. Each of its nodes has a bounding box that completely wraps its contents, and the contents of all child nodes are completely contained in the bounding box of their parent node. However, how to determine the area and hierarchy where the target scene data is located according to the current viewpoint position and the sight angle has become the key issue in real-time data scheduling. This paper intends to use a fast search algorithm for target scenes, which is based on the index tree that traverses the 3DTiles, and adopts a coarse-to-fine, layer-by-layer strategy. The display of final tile depends on three conditions: First, the bounding box of node intersects with the camera window cone-shaped body; second, the SEE of node satisfies the threshold condition; third, this node will not be replaced by its child node. The specific description of this algorithm is as follows.
(1) Determine whether the window cone-shaped body intersects with the bounding box of the root node. If they intersect with each other, then determine whether it is necessary to display by calculating the SSE.
(2) If the condition is satisfied, then traverse the child nodes and determine whether the child nodes also satisfy the bounding box and the SSE.
(3) If it is not satisfied, then stop. Otherwise, continue to traverse the leaf nodes under this child node to determine whether these two conditions are satisfied and so on, until the satisfied node requests directly to the server for tiles or it reaches the leaf nodes. The framework design as shown in Figure 5 has been implemented to the above algorithm. The algorithm traverses the index tree at first. When the tiles of child nodes meet the condition, the tiles of parent nodes must meet the condition as well. When data is called, the parent tiles will be skipped, and the child tiles with higher precision will be rendered directly, which can save a certain amount of network memory while ensuring the visual effects, thereby improving the drawing efficiency of the model. 
Experimental Results and Analysis
In order to prove the advantages of using the 3DTiles data format to construct three-dimensional scenes in this paper, the obj model that takes up 83.5MB of disk space in the scene data before conversion is reduced to 56.4MB after it is converted to gltf, while it is reduced to 52.8MB after converted to the 3dtiles format. This shows that the 3dtiles model takes up less space, and further validates its advantages in Web visualization. At the same time, in order to verify the effectiveness of data search algorithm and the feasibility of system design in the scene, this paper builds a large-scale three-dimensional scene visualization platform based on WebGL, and uses this platform to perform a performance comparison experiment for the three-dimensional visualization effects of the fast search algorithm using target scenes (skipping loading of hierarchical detail model) and the normal method (namely the progressive loading of hierarchical detail model) The experimental data derives froma three-dimensional scene of Poly Metropolitan Community in Jiangmen City, covering an area of approximately 440,000 square meters. Hardware Environment: Intel Core i3-530 2.93GHz CPU, 4GB of memory. Software environment: Chrome browser, and Tomcat server.
When this three-dimensional scene is loaded to a certain viewpoint, it can be seen from Figure 6 that it takes about 12s to progressively load the (a) Poly Community model, but it only takes 8s for the skipping loading of (b), and its downloaded model geometric data is also reduced from 32MB to 22MB. Through the skipping loading of hierarchical details, there is a reduction of about 30% in loading time and memory usage, and there is no performance difference for its steady state when there is no tile to load. We can observe from Figure 8 that when most of the models have not been loaded yet, the drawing commands called by the skipping loading (b) are significantly more than the ones called by progressive loading (a), which indicates that the skipping loading will need extra drawing commands to mix the hierarchical details, so that the "popping" phenomenon will not occur when implementing the hierarchical hopping. However, the drawing commands called in two modes are basically equal at last. Figure 7 shows that the frame time is basically not affected to a large extent, which means that the skipping loading can also provide a better visual effect. The experimental result shows that using the visualization platform constructed in this paper builds three-dimensional scenes in the 3dtiles data format while loading hierarchical details through skipping may reduce the network memory usage, improve the model drawing efficiency, and provide users with a good visual experience. Figure 9 is the three-dimensional scene visualization effect diagram of partial areas of the Poly Community. 
